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Rishindra Mamidi Reddy, MDTranshiatal esophagectomy (THE) was ﬁrst “re”-intro-duced by Mark Orringer in 1978, resulting in a
continuing discussion about the optimal approach for an
esophagectomy. It was developed over concerns of patients
tolerating a laparotomy and thoracotomy, as well as
concerns of the poor outcomes associated with anastomotic
leaks in the chest and associated high mortality. The ensuing
debate has led to more than 200 publications comparing
outcomes between the THE and transthoracic esophagec-
tomy, or Ivor-Lewis Esophagectomy. As outcomes have
improved with both techniques, each has proved to have its
own strengths and weaknesses. Long-term outcomes appear
to be similar between the 2 approaches, and are much
improved over what they were in 1978, although this may
be attributable to the introduction of multimodality treat-
ment for esophageal cancer. No matter how one approaches
esophageal resection, it appears that surgeon and hospital
volume are critical for better patient outcomes. Esophagec-
tomy techniques continue to evolve as minimally invasive
approaches (laparoscopy, thoracoscopy, and robot assisted)
are developed.Preoperative Preparation
Although operative technique has a large effect on patient
outcomes, one signiﬁcant factor not often accounted for is
preoperative patient preparation. After standard staging
studies, including positron emission tomography/computed
tomography scans, endoscopic ultrasound, and barium
esophagograms, along with neoadjuvant chemotherapy and
radiotherapy if indicated, asking patients to walk up to
3 miles daily as well as cessation of smoking for least 4 weeks
before surgical resection can be beneﬁcial. The surgeon canmatter r 2013 Elsevier Inc. All rights reserved.
53/j.optechstcvs.2013.07.001improve postoperative outcomes by maximizing the physical
conditioning of the patient and ensuring smoking cessation
for 4 weeks before surgery.Technical Concerns
Some have expressed concern about using THE for
midesophageal tumors. In experienced hands, even mid-
esophageal tumors can be resected safely by a trans-
abdominal approach. If there are lymph nodes of concern,
either by size criteria on computed tomography or having a
high standardized uptake value on positron emission
tomographic scan, a thoracotomy or video-assisted thoracic
surgery dissection from the right can be performed ﬁrst,
followed by the positioning of the patient supine with an
abdominal and left neck approach. Our institution favors the
placement of the esophagogastric anastomosis in the neck,
despite the higher reported leak rate and incidence of
recurrent laryngeal nerve injury. We feel that leaks can be
managed more safely in the neck, with lower rates of
mediastinitis and potential mortality.Operative Technique
After induction of satisfactory general endotracheal anes-
thesia, a ﬂexible esophagoscope is introduced through the
cricopharyngeul sphincter. The endoscopic ﬁndings should
be noted, including the location of the tumor or ulcer. The
extent of tumor, if any, into and through the gastro-
esophageal junction should be noted. A signiﬁcant tumor
burden into the stomach may preclude the use of a gastric
conduit and necessitate the use of the colon. The esophago-
scope should be removed to allow for patient position-
ing. Figures 1-15 outline the steps of the Transhiatal
Esophagectomy.151
Figure 1 The patient is positioned supine with a folded blanket under the shoulders. The head is turned to the right and supported on a head
ring. The arms are padded and placed at the sides. The skin of the neck, chest, and abdomen are prepared and draped. The peritoneal cavity is
entered through a supraumbilical midline incision. Also shown is the left neck incision along the anterior border of the sternocleidomastoid
muscle.
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Figure 2 The triangular ligament of the liver is divided with cautery, and the left lobe of the liver is padded and retracted to the right. An
upper-hand self-retaining table-mounted retractor is inserted. Exploration of the upper abdomen is performed to assess for evidence of
metastatic disease or a palpable mass in the stomach. After identifying the course of the right gastroepiploic artery, and beginning at the
midpoint of the greater curvature of the stomach, the greater omentum is separated from the stomach to the level of the pylorus using
interrupted ties or an energy device. The left gastroepiploic artery and short gastric vessels are then divided in the same manner. Care is taken
to avoid injury to the spleen.
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Figure 3 The peritoneum overlying the esophageal hiatus is incised. The gastrohepatic omentum is incised, evaluating for an accessory hepatic
artery coming off the left gastric artery. If an accessory hepatic artery is found, this must be preserved. If there is no accessory artery, the left
gastric vein and artery can be divided at the level of the origin of the left gastric artery to ensure adequate lymph node procurement. n =
nerve; a = artery.
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Figure 4 A generous Kocher maneuver is then performed. A 2-cm long pyloromyotomy is carried out, beginning 1.5 cm on the stomach,
extending through the pylorus, and onto the duodenum for 0.5 cm. First, 2 ﬁgure-of-eight 3-0 silk stay sutures are placed on the superior and
inferior anterior border of the pylorus. Then, the myotomy is performed using the cutting current of a needle-tipped electrocautery and a ﬁne-
tipped mosquito clamp to dissect the gastric and duodenal muscle away from the underlying submucosa. The duodenal mucosa is not
violated during this dissection. If the duodenal mucosa is entered, this can be repaired primarily with a small absorbable monoﬁlament suture,
with a Graham patch placed before closing the laparotomy, or may be converted to a pyloroplasty. The pylorus is marked with silver clips
placed on the silk stay sutures for future radiographic localization.
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Figure 5 A 14-Fr rubber jejunostomy tube is inserted 4-6 in beyond the ligament of Treitz and is secured in place with two 4-0 Prolene purse-
string sutures and then a 4-cm long Witzel maneuver. Care is taken to not narrow the jejunum at the site of the tube placement. A clamp is
placed on the tube and it is placed at the base of the incision.
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Figure 6 Attention is then turned to the mobilization of the esophagus. With downward traction on the Penrose drain encircling the
esophagogastric junction, the diaphragmatic hiatus is progressively dilated until a hand can be inserted into the posterior mediastinum
through the diaphragmatic hiatus. One can evaluate the periesophageal tissue for adhesions and assess the size and thickness of the esophagus.
Dissection of the distal 5-10 cm of esophagus is carried out sharply using the electrocautery and a long right-angled clamp and then more
superiorly keeping the ﬁngers closely applied to the esophagus. Narrow retractors placed into the hiatus allow visualization, division, and
ligation of the lateral attachments of the distal half of the esophagus. Accessible paraesophageal, left gastric, and celiac axis lymph nodes and
soft tissue are mobilized for resection with the esophagus and proximal stomach. During the mediastinal dissection, intra-arterial blood
pressure is monitored with a radial artery line to avoid prolonged hypotension owing to displacement of the heart. The dissection along the
lower third of the esophagus is carried to the level of the carina. Attention is then turned to the neck.
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Figure 7 Through an oblique left cervical incision paralleling the anterior border of the sternocleidomastoid muscle, the platysma muscle is
divided, the carotid sheath and its contents retracted laterally, the trachea and thyroid gland medially, and the prevertebral fascia identiﬁed.
Care is taken throughout this and subsequent portions of the cervical dissection to avoid direct pressure on the recurrent laryngeal nerve in
the tracheoesophageal groove. If the inferior thyroid artery and middle thyroid vein are identiﬁed, they may be resected. The cervical
esophagus is encircled with a 1-in Penrose drain, and with gentle upward traction on this drain, blunt mobilization of the upper thoracic
esophagus from the superior mediastinum is carried out.
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Figure 8 Working upward from the diaphragmatic hiatus and downward through the cervical incision, mobilization of the esophagus is
completed using a combination of ﬁnger dissection and dissection with a curved sponge stick. Dissection is carried out along the posterior
aspect of the esophagus, followed by dissection of the lateral and anterior attachments. Blood is evacuated from the mediastinum with a 28-Fr
Argyle Saratoga sump catheter.
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Figure 9 Once the entire intrathoracic esophagus is free from the mediastinum, the upper esophagus is delivered into the neck wound, the
nasogastric tube pulled back into the oropharynx, and the esophagus divided with a gastrointestinal anastomosis (GIA) surgical stapler. The
stomach and esophagus are delivered out of the abdominal wound. After removal of the esophagus, narrow retractors are inserted into the
diaphragmatic hiatus, and the mediastinum must be inspected for bleeding and the bilateral pleurae for rents or injury. If there is an opening,
a chest tube should be placed on each side of injury.
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Figure 10 The esophagus and proximal stomach are then separated from the remaining stomach by applying a GIA surgical stapler several
times, beginning along the lesser curvature of the stomach 4-5 cm distal to the esophagogastric junction. An Allis clamp is placed on the
suture line of the esophagus to keep it from retracting into the wound. The thoracic esophagus and proximal stomach can then be removed
from the ﬁeld. The gastric staple suture line is oversewn with a running 4-0 Prolene Lembert stitch.
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Figure 11 The stomach is then gently manipulated through the hiatus and advanced manually upward through the posterior mediastinum
until the gastric fundus is visualized at the base of the neck wound and drawn into the ﬁeld using a Babcock clamp. The position of the
stomach in the neck wound is maintained by placing a small mosquito clamp on a tied or ligated short gastric artery on the greater curve of
the stomach near the proximal end to prevent it from retracting down into the mediastinum. Care is taken to be certain that the stomach is
not twisted within the mediastinum. A moist thoracic pad is placed in the neck.
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Figure 12 The abdomen is then inspected for hemostasis. The diaphragmatic hiatus is narrowed to 3 ﬁngerbreadths with interrupted 1-0 silk
sutures. Care should be taken to include the parietal peritoneum, as suture through the crural muscle alone is more likely to tear. A 3-0 silk
suture may be placed through the anterior wall of the stomach to the superior aspect of the hiatus to tack the stomach at that level. The
jejunostomy tube is brought out through a separate left upper quadrant incision and tacked to adjacent peritoneum with interrupted 3-0 silk
sutures. The tube is secured to the skin with a 2-0 Prolene suture. The abdomen is closed using interrupted running no. 1 looped PDS suture
on the muscle fascia and a running 3-0 nylon on the skin. a = artery.
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Figure 13 After closure of the abdomen, the cervical esophagogastric anastomosis is performed. The stomach is pulled out of the neck and a
retraction suture of 3-0 silk is placed as distally as possible. A 1.5-cm vertical anterior gastrotomy is made and the stapled end of the cervical
esophagus amputated. Two stay sutures of 4-0 vicryl are placed in the esophagus, with the ﬁrst one (stitch 1) placed in the proximal end of
the gastrotomy and through the posterior aspect of the cut esophagus. Stitch 2 is a retraction stitch placed on the anterior aspect of the cut
esophagus.
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Figure 14 A side-to-side anastomosis between the cervical esophagus and gastric fundus is performed using the ENDO-30 GIA stapler.
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Figure 15 Two outer layer 4-0 vicryl Lembert sutures are placed laterally to the stapler between the esophagus and stomach. After the ﬁring of
the stapler, 2 more lateral suspension sutures of 4-0 vicryl are placed between the cervical esophagus and the stomach on either side of the
anastomosis. The nasogastric tube is then readvanced from the oropharynx, or replaced and guided across the anastomosis to approximately
40-45 cm at the nares to ensure the tip placement in the intrathoracic conduit, but not past the pylorus. The anterior esophagotomy and
gastrotomy are closed in 2 layers, ﬁrst with running and then with interrupted 4-0 PDS sutures. A silver hemoclip is placed on either side of
the anastomosis for future radiographic follow-up.
R.M. Reddy166
Transhiatal Esophagectomy 167Closure
The neck is irrigated and then a 1/4-in Penrose drain is
placed next to the anastomosis. The muscle fascia is
loosely approximated with interrupted 3-0 vicryl, and the
skin edges are approximated with running 4-0 nylon. Dry
sterile dressings are applied to all incisions. A post-
operative chest radiograph is obtained in the operating
room while the patient is still intubated to determine the
need for a chest tube in the event that a pleural injury was
unrecognized and a pneumothorax or hemothorax is
present.
Intraoperative Complications
A number of potential intraoperative complications can
occur. Bleeding from a thoracic source during the media-
stinal dissection can result in acute blood loss. Determining
the source of bleeding and the best operative approach is
critical. If dark venous blood is noted in the neck or upper
abdomen, without visualization of the source in the lower
chest from an abdominal view, then one must presume an
azygos vein injury has occurred.
The lower thoracic tract must be packed through the
abdomen and the neck should be packed as deeply as
possible. The abdominal wound should be closed quickly,
even with only towel clips. The patient can then be
positioned laterally with the right side up. Changing the
endotracheal tube to a double lumen tube is not needed,
and can delay the repair. Often a hemothorax is seen in the
right chest, and the azygos can either be repaired, or more
often ligated, even with an Endo-GIA stapler across the area
of injury. Bright red blood arising from the neck or
abdomen is often aortic in origin and can be addressed
through a left thoracotomy. Rarely, a tracheal or airway
injury can occur. The anesthesiologist may notice a new air
leak during or after the mediastinal dissection. Conﬁrma-
tion can be made by bronchoscopy, and then a primary
repair can usually be made through the right chest. The
endotracheal tube may need to be advanced past the area of
injury to allow for adequate ventilation before reposition-
ing. Another possible complication is an ischemic gastric
conduit noted in the neck before esophagogastric anasto-
mosis. If the conduit is nonviable, resection and use of the
colon as an interposition graft would be preferred. If the
conduit is ischemic, but potentially viable, we would
manage this by delaying the anastomosis, securing the
gastric conduit and esophagus in the neck with the gastric
tip visualized in the neck wound, and completing the
abdominal operation. We then observe the conduit for 2-3
days and allow the gastric conduit to declare itself. If the
conduit is not viable, and a colon interposition is not
possible in the acute setting, then the stomach is reduced
into the abdomen with a gastrostomy tube placed and an
esophagostomy performed in the left neck or left chest. If
the conduit is viable, then a cervical esophagogastric
anastomosis can be performed.
Postoperative Care
The postoperative care of an esophagectomy patient is as
critical as the performance of a good technical operation.
Preventative steps to minimize complications or earlyrecognition of complications is key to ensuring good patient
outcomes. Our institution performs more than 100
esophagectomies each year, and we have a postoperative
protocol that mandates early ambulation, early enteral
feedings, and early removal of the nasogastric tube, all of
which not only helps improve patient conditioning but also
patient emotional well-being. A barium esophagogram is
performed on postoperative day 7, and patients are
discharged on a soft mechanical diet on day 7 or day 8 if
there are no other concerns.
On postoperative day 1 (POD 1), the patient is
ambulated with no signiﬁcant changes made to the
nasogastric or chest tubes, except to ensure that they are
working. On POD 2, if the NGT output is less than 200 ml
per shift, the NGT is placed to dependent drainage. Trickle
tube feeds (10 ml/h) are also started and slowly advanced.
Chest tubes may be considered for removal, if the output is
less than 60 ml per shift for 2 shifts and is serous in
appearance, causing less concern for a chylothorax. If the
chest tube output remains higher than 60 ml per shift and a
chylothorax is conﬁrmed, either nonoperative management
is instituted for low output (ie, o500 ml/d), or operative
management, beginning with a “cream challenge,” looking
for chyle coming out of either or both chest tubes. We
would perform our operative video-assisted thoracic
surgery approach through the side of drainage, keeping
the cream ﬂowing throughout the operation to assist in
looking for the speciﬁc source. We rarely perform a “mass
ligation” of the thoracic duct, as often we can ﬁnd a single
lymphatic that can be tied or clipped.
On POD 3, the NGT may be removed if the output remains
low. The Penrose drain in the neck may be removed on day
3 or 4 if there is no evidence of a leak in the neck. Signs of a
leak include swelling, redness, or foul smelling drainage around
the Penrose drain. If there is a high clinical suspicion of a leak,
owing to local signs, or systemic signs of infection along with
local signs of a leak, the neck wound is opened at bedside, with
all deep and superﬁcial stitches removed. The neck is widely
opened, to ensure that any infection is well drained. The
wound is then packed deeply with moist gauze and changed at
least 3 times daily, with the patient encouraged to drink water
during the dressing change to help clean the wound. As the
leak heals, the neck wound will close, and the patient will
notice a reduction in neck drainage from drinking water during
dressing changes. Mediastinitis or empyema may still present
after a neck anastomosis, and should be cared for appropriately
with exploration and drainage.
On POD 4, if there is no leak, the patient is started on sips
of clears and can be advanced to full liquids over the next
few days if they continue to progress well. On POD 7, if
there is no evidence of a leak, a barium swallow is performed
to evaluate for an anastomotic leak and the course of the
conduit, and to ensure that there is no gastric outlet or j-tube
obstruction. If there is no leak, the patient may be
discharged home on a soft mechanical diet. Other
complications include recurrent laryngeal nerve injuries,
which will be noted by a hoarse voice in the immediate
postoperative period. This can affect swallowing with an
increased risk of aspiration. Another longer-term complica-
tion is stricture that can be managed as an outpatient with
early, and sometimes regular, dilations. We perform these in
R.M. Reddy168clinic with the patients awake, and teach some patients with
recalcitrant strictures to self-dilate daily at home.
The differences historically with a transthoracic esophagec-
tomy, that is, “Ivor-Lewis,” in types of complications include ahigher leak rate, although a much lower mediastinitis rate.
Stricture and nerve injury rates are higher, but the morbidity
associated with these is low. The pyloromyotomy vs a pyloro-
plasty allows for earlier feeding and a lower pyloric leak rate.
